Abstract. Power plant had a reputation of being one of the most hazardous workplace environments. Workers in the power plant face many safety risks due to the nature of the job. Although power plants are safer nowadays since the industry has urged the employer to improve their employees' safety, the employees still stumble upon many hazards thus accidents at workplace. The aim of the present study is to investigate work related accidents at power plants based on HIRARC (Hazard Identification, Risk Assessment and Risk Control) process. The data were collected at two coal-fired power plant located in Malaysia. The finding of the study identified hazards and assess risk relate to accidents occurred at the power plants. The finding of the study suggested the possible control measures and corrective actions to reduce or eliminate the risk that can be used by power plant in preventing accidents from occurred
Introduction
Power plant is a place to generate energy of electricity for millions of household and industries. There are many types of power plant all over the world such as gas turbine power plant, steam turbine power plant, fossilfuel power plant, nuclear power plant, and hydro power plant.
Power plant is a workplace of the high level from hazard, where safe working procedures are important as workers face many risks due to the nature of the job. The work environment is often hot and noisy, consist several major equipment and operations involve in its process, and there is an always present risk for crushing injuries, electrical shocks and burns, boiler fires and explosions, and contact with hazardous chemicals. Figures from International Labour Organization (ILO) (2014) [1] showed that more than 2.3 million deaths per year are recorded. This shows that accident happen every 15 second a worker dies from work related to accident or illness. Moreover, at every 15 seconds 160 workers have accidents. That means 6300 people die as results of working accidents or work diseases every day. Due to the hazardous operation of power plant, this workplace is exposed to accident and near miss incidents (Cohen and Colligan, 1998). In addition, OECD (2008) [2] reported that more than 2500 people are killed every year in energy related plant with severe accidents. This number appears to be rising as energy usage continues to increase every year. Between 1969 and 2000, there were 1870 such accidents with five fatalities. The largest number of immediate fatalities in the fossil energy chains was in coal and oil, i.e. 2259 and 3713 respectively and in OECD countries, and 18017 and 16505 respectively in non-OECD countries. Table 1 summarises the severe accidents in the fossil, hydro and nuclear energy chains in the period of 1969-2000.
Due to the risky workplaces that power plants constitute, the companies need to assure safe working conditions through systematic and regular hazard identification and risk assessment. Safety procedures and regulations need to be followed by the management as well as the workers. Many business enterprises have proven that good safety management leads to increased productivity, and the same works for power plant. By having a good safety management program, not only minor injuries can be avoided, but also other incidents that are costly, time consuming, stressful and inconvenient. Due to this reason for reduction of all occupational diseases, injuries/fatalities, corrective and preventive measure should be done. OHSAS 18001:2007 (clause 4.3.1), suggested that a safety procedure is a must to ensure the identification of hazard, risk assessment, and its determination to eliminate, reduce or control the possibility for any accidents to occur. Thus, this paper highlights report on hazard identification, risk assessment and risk control applied in the coal-fired power plant located in Malaysia. It includes the methodological steps to identify hazard, assess the risk level of the hazards and apply or suggest the possible control measures and corrective actions to reduce or eliminate the risk.
Accidents at Power Plant
An accident is defined as an unfortunate that happens unpredictably and inadvertently, resulting in harm or injury [2] . The accident occurs depending on the situations, either results in minor fatalities or have the potential for but do not result in a loss [3] . Accidents are more usually related with event on site leading to adverse significances for the establishments like leaks, fire and explosions [4] . In another study, [5] found that injury rates are contrast with business cycle which means when economic sector increases, the number of injuries will increase too and vice versa. [6] relate injury rates to structural effects such as workers characteristic, firm size, production process, types of industry and types of occupation.
HIRARC
In recent years, Hazard Identification, Risk Assessment and Risk Control (HIRARC) have become fundamental to the practice of planning, management and the operation of a business as a basic of risk management. A hazard identification and risk assessment are processes used to identify and evaluate both existing and potential hazards on a worksite and the methods used to control or eliminate the hazards identified. The organizations that have carried out risk assessment at the work place have noted numerous changes in their working practice. Those who have already carried out risk assessment in their work, have reported positive changes in their working practice, they recognize substandard act and working condition as they develop and take necessary corrective action. Legislation requires that this process should be systematic and be recorded so that the results are reliable and the analysis complete. The risk assessment process should be continuous and should not be regarded as a one-off exercise.
Hazard identification
Hazard is defined as anything (e.g. condition, situation, practice, behaviour) that has the potential to cause harm, including injury, disease, death, environmental, property and equipment damage. This is the process of examining each work area and work task for the purpose of identifying all the hazards which are "inherent in the job".
Risk Assessment
Hazard is closed relationship with the risk. Risk is a measurement to analyse and evaluate the hazard [7] . The measurement is made by identification on how severe and when likely of the hazard. In other words, the risk assessment is an in-depth look to specify situations, process and other harmful activities or hazard at workplace. Risk is presented in variety of ways to communicate the distribution of the risk throughout a plant and area in a workplace. The results of risk assessment that presented in a risk matrix are essential to make decision on risk control.
Risk can be calculated using the following formula [7] :
In order to determine the risk level, the risk assessment matrix has to be resolve. (Table 2) and risk level (Table 3) The weightage average index is calculated based on the formula as below [7] :
Weightage Average Index (WAI) = ∑ wi fi ∑ fi where: wi = assigned weight for a particular class under 5-point likert scale fi = corresponding frequency of that particular class i = 1, 2, 3, 4, 5 that illustrated 5-point likert scale according to specific context
The computation of WAI for each hazard was interpreted by schedule of risk assessment matrix (Table 2 ) and the indication of risk level in Table 3 . Then result from calculation of risk assessment was referred to scale of risk level. The purpose of hazard identification and risk assessment in this study is to highlight the critical operations of tasks that poses significant risks to the health and safety of employees as well as highlighting those hazards pertaining to certain equipment due to energy sources, working conditions or activities performed. Then risk level is assigned to each hazard for identifying required corrective action to minimize the risk or eliminate the hazard. This study was conducted according to basic of safety procedure which is hazard identification and risk survey in order to assess the risk in the plant.
Risk Control
Risk control is the elimination or inactivation of hazard in a manner such that the hazard does not pose a risk to workers. Hazards should be controlled at their source where the problem is created. Venturini (2011) rating four characteristics of risk that are commonly identified (refer Table 4 ), according to the measures taken to protect the plant from risk exposure are: i. Excellent: the facility has taken measures exceeding industry standards and the best practices. Loss potential is considered significantly reduced. ii. Good: the fatality has taken measures that are consistent with industry standards and best practices. Loss potential is considered to be average. iii. Fair: the fatality has taken some measures that approach industry standards and best practices, however deficiencies exist. Loss potential is considered somewhat increased.
iv. Poor: the fatality has major deficiencies and does not approach industry standards and best practices. Loss potential is considered to be significantly increased.
Research Methodology
To further investigate the hazard identification, risk assessment and risk control applied in the power plant, this study adopted questionnaire survey and interviews for data collection. The data were collected in two (2) coal-fired power plants. A total of 50 questionnaires were sent. Within the collected questionnaires, 17 forms were uncompleted and were thus disregarded, while 30 forms were completed. Two accident cases at power plant were analyzed. The name and location of the power plant cannot be exposed due to the private and confidentiality. Data obtained by the questionnaire and personal interview was subjected to quantitative analysis. The percentage was calculated by simple mathematical formulas. The data from the questionnaire survey were analysed using Excel to compose weightage average index (WAI) in order to compute the risk level of those hazards. Semi-structured interviews with 30 employees were used to gather perceptions regarding the situation of safety at their workplace. Table 5 shows that 16 (53%) of the respondents who participated in this study were engineers, 4 (13%) were project managers, and 5 (17%) were technician and general workers accordingly. The range of personal experience of the respondents in terms of number of years involved or worked in power plant between 1 to more than 20 years as indicated in Table 6 . More than half (46.67%) of respondents have more than 15 years experience. Whilst, 23% of the respondents have more than 10 years working experience and are all familiar with the main issues surrounding safety at their workplace.
CONTROL MEASURES LEVEL
Control measures exceeding industry standards and the best practices. Loss potential is considered significantly reduced A control measure has major deficiencies and does not approach industry standards and best practices. Loss potential is considered to be significantly increased.
Poof 0 -1.0 As can be seen from the Table 5 & Table 6 , it can be conclude that the respondents who answered the questionnaires and interviews are those have enough knowledge about the safety at their workplaces; with extensive working experiences and those holding responsible positions in the power plants. Their answers to the questionnaires and interviews give a high level of credibility in terms of their opinions regarding the issues raised.
Case Study
The study involved two coal-fired power plants that were established to meet the anticipated growth in electricity demand, and help maintain the required power reserve margin. The design, development and management of the power plant, in line with national strategy to produce heavy dependence on natural gas as fuel source for power generation. It is designed to operate within minimizing power plant impact on the environment.
Report on Accident Case 1
Accident 1 occurred at shoreline access road. The type of accident is classified property damage. Nature of injury is right knee swollen. The victim of the accident is a general worker and has 3 years experience. The accident also has one witness from the department at the accident location. Table 7 shows the WAI likelihood, WAI severity and risk assessment matrix for the four identified hazard. The risk was calculated by multiplying likelihood with severity. Each figure of the risk was categorised into risk level and rank accordingly. Out of four types of hazards identified, 2 hazards were classified under extreme risk while another two were in high risk. None of the hazards falls in either medium or low risk level. 
Report on Accident Case 2
Accident 2 occurred at combustion chamber Gas Turbine. The type of accident is classified medical treatment injury. Nature of injury is hit by falling burner at the back of right hand. The victim of the accident is a man as a general worker and has no experience. The accident also has one witness from the department at the accident location. Five (5) hazards at power plant were identified in accident number 2 as per list follow below: 1) Two different works was performed at same time.
2) Working space constrained.
3) Design and setting up on equipment is not proper. 4) No inspection checklist on the bucket prior use. 5) Lack of precaution on this activity.
All five types of hazards identified were classified under high risk. None of the hazards falls in extreme risk level (Table 8 ).
Conclusion
In this paper we investigate and describe work related accidents at power plants based on HIRARC (Hazard Identification, Risk Assessment and Risk Control) process. The risk ranking of the present and possible hazard is evaluated which divide them into low, medium, high and extreme risk level. Which risks are in high and extreme level there possible corrective action also recommended for risk control. Power plant need to assess the risk not only for the risk and control measures but it will conducted for cost if occurred accidents and near miss incidents at power plant. Hazard identification, risk assessment and control is an on-going process. Therefore, regularly review the effectiveness of hazard assessment and control measures is needed. 
